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Chapter 3 
Synoptic Stream Water Chemistry 

 

prepared by  

Rick Webb 

Department of Environmental Sciences 

University of Virginia, Charlottesville, VA 22903 

 

 

Introduction 

The general purpose of the synoptic stream-water chemistry component of the FISH project 

was to define the baseflow geochemical regime of the FISH project study watersheds. Specific 

objectives include: 

1) To determine the spatial and temporal variability of the acid-base-related chemical 

composition of stream waters in the study watersheds. 

2) To identify landscape factors associated with variation in the acid-base-related chemical 

composition of stream waters in the study watersheds. 

These objectives are integral to the FISH project assessment of stream-water acidification effects on 

fish populations in SNP. Data collection associated with the first objective provided water-quality 

information needed both for final selection of the primary study streams (see Chapter 1) and for 

interpretation of fish community surveys conducted during the course of the project (see Chapter 7). 

Analysis associated with the second objective provides a basis for application of the FISH project 

findings to SNP as a whole.  

This chapter describes: 
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1) Synoptic survey methodology, including selection of study streams and sample sites, collection 

and analysis of samples, and characterization of landscape factors for the study watersheds. 

2) Designation of biologically relevant criteria for classification of the synoptic survey samples. 

3) Observed spatial and temporal variability in the acid-base-related chemical composition of 

stream waters in the study watersheds. 

4) Development of regression models that explain variation in the acid-base-related chemical 

composition of stream waters in the study watersheds as a function of bedrock type and other 

landscape factors. 

 

Methods  

Selection of Synoptic Survey Streams  

The FISH study streams were selected from among streams in SNP that are sampled on a 

weekly or quarterly basis through the SWAS program. Figure 3-1 provides a map of SNP showing the 

location of 13 streams for which synoptic sampling surveys were conducted during the 1992-1994 

period. Table 3-1 provides a listing of the synoptic survey streams and the dates of sampling.   

Eight of the synoptic survey streams were selected as primary study streams. Table 3-1 

identifies these as “intensive-study” and “extensive-study” streams. These streams were the subject of 

repeated synoptic sampling (with one exception) and additional biological and hydrochemical data 

collection. Chapter 1 describes the selection criteria and the differing levels of data collection associated 

with the intensive-study and extensive-study designations.  

As demonstrated by Lynch and Dise (1985) and discussed in Chapter 1, spatial variation in the 

ANC of stream waters in SNP is largely explained by differences in watershed bedrock. Surficial 

geology in SNP includes siliciclastic, granitic, and basaltic bedrock. Streams associated with these 

bedrock classes represent a gradient in ANC from relatively low to relatively high. Because acid-base 

status was hypothesized as a determinant of fish distributions in SNP, a primary objective for selection 

of FISH project study streams was representation of these bedrock classes. This objective is reflected 

in the listing of synoptic survey streams by dominant watershed bedrock type in Table 3-1. Each of the 

three bedrock classes is represented by primary study streams. Figure 3-2 indicates the locations of the 

synoptic survey streams in relation to the parkwide distribution of these bedrock classes.  
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Selection and Documentation of Sampling Sites 

A systematic approach to selection of sampling sites for each study stream was followed in 

order to provide generally uniform spatial coverage. This was achieved by preliminary designation of 

sites in relation to perennial flows as indicated on U.S. Geological Survey (USGS) 1:24,000-scale 

topographic maps. Most confluence points were bracketed by sampling sites, and additional sites were 

selected at approximately 0.5 km intervals along stream courses. The lower-most site on all of the study 

streams coincided with the SWAS program monitoring site, which on most streams was located at or 

near the SNP boundary (always within the park). The final designation of the sampling sites was based 

on conditions observed during the initial sampling. The most important of these conditions were site 

accessibility, ease of site identification, and apparent completeness of flow mixing. The final number of 

survey sites established within the primary study watersheds ranged from 9 to 34, with a density of 1.1 

to 4.1 sites per km2. The higher site densities tended to be associated with the smaller watersheds. 

Sample-site documentation included preparation of site-description folders, placement of 

numbered aluminum tags, determination of elevation with altimeters, and determination of site 

coordinates based on USGS 1:24,000-scale topographic maps. Site-description folders included site 

maps and photographs, as well as narrative descriptions of site location and access. The numbered tags 

(about 4 cm diameter) were nailed at ground level on the downstream side of a prominent tree adjacent 

each of the sites. A listing of sample sites and sample-site documentation is provided in Table 1 of 

Appendix I. 

 

Sample Collection and Analysis 

The synoptic surveys were conducted on a seasonal basis. As indicated in Table 3-1, the 

surveys were classified as  “cold season” (winter and spring) or “warm season” (summer and fall). 

The samples were collected in 500-ml polyethylene bottles (low-density Nalgene). Pre-survey 

bottle preparation involved detergent and acid washing (1 N HCl), followed by multiple rinsing with 

deionized water. Each bottle was then filled with deionized water and held at least 12 hours followed by 

a conductivity check with an acceptance criterion of <1.2 µS cm-1. Prior to the survey each bottle was 

prelabeled and packed in a zip-lock bag with disposable polyethylene gloves. 
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The samples were collected by teams that included staff and students with the Department of 

Environmental Sciences at U.Va. and resource management personnel with SNP. Each sample-

collection team was equipped with preprocessed sample bottles, frozen refrigerant and insulated 

containers for sample transport, thermometers, site-description folders, altimeters, and sample-

collection record forms. The procedure for sample collection involved use of the polyethylene gloves 

and triple rinsing of the sample bottle with water at the collection site. After collection the samples were 

delivered to the project lab in the Department of Environmental Sciences building (Clark Hall) at U.Va. 

in Charlottesville, Virginia.  

All of the sites sampled in each individual stream survey were sampled in a single day and all of 

the samples were received at the project lab by the evening of the collection day. The samples were 

then stabilized by addition of 0.5 ml of chloroform and allowed to come to ambient lab temperature for 

storage during analysis.  

Analysis of synoptic survey samples included pH, ANC, electrical conductivity, sulfate, nitrate, 

chloride, calcium, magnesium, sodium, potassium, and silica. Quality assurance measures included 

analysis of reference samples and field duplicates. Instrumentation and analysis methods are summarized 

in Table 1 of Appendix II. Table 2 of Appendix II provides a summary of quality-assurance information 

associated with the analysis. Table 3 of Appendix II provides a listing of analysis results.  (Note: 

Appendix II provides information for all stream-water sample analysis associated with the FISH 

project.) 

The synoptic surveys were conducted under a wide range of discharge conditions. Discharge 

levels associated with individual stream surveys were determined for the five study streams with gauging 

systems (stilling wells) at the lower-most sampling site. Two of these, White Oak Run and North Fork 

of Dry Run have been gauged through the SWAS program since 1979 and 1987, respectively. Gauging 

on Paine Run, Staunton River, and Piney River was initiated for the FISH project in the Fall of 1992 

(see Chapter 3 for a description of gauge installation and methods). Table 3-2 lists discharge data for 

the surveys conducted on these streams while gauging was in place. Discharge is provided as mm day-1 

and flow percentile. The flow percentiles are based on flow-duration curves developed for each stream 

for the period of record through 1995. The flow-percentile value indicates the percentage of days in the 

record for which discharge was exceeded by the discharge on the day of the survey.    
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Characterization of the Study Watersheds 

Watershed characteristics for each of the synoptic survey sites are listed in Tables 1 and 2 of 

Appendix I. Sample site elevations, stream orders, and watershed areas were obtained from USGS 

1:24,000-scale topographic maps. A geographic-information system (GIS) was used to determine 

watershed areas and areal percentages of each watershed associated with different bedrock types, 

different forest-cover types, and defoliation by the gypsy moth. 

Information concerning bedrock distribution in SNP was obtained from geologic maps prepared 

by Gathright (1976) and later digitized by SNP resource management personnel. Five major bedrock 

formations of Precambrian and Cambrian age are represented in the study watersheds. These include 

the siliciclastic rocks of the Antietam and Hampton formations, the granitic rocks of the Pedlar and  Old 

Rag formations, and the basaltic rocks of the Catoctin formation. Analysis and discussion of bedrock 

presented in this chapter is based on both the detailed formation information and the more-generalized 

bedrock class information. 

Information concerning forest distribution in SNP was obtained from digitized forest-cover 

maps prepared by Teetor (1988). For simplification, the seven mapped forest-cover types have been 

assigned to three classes representing a range of site quality. As designated by this classification, site 

quality is based on the relative nutrient and moisture requirements of the different forest-cover types. 

The low site-quality class includes chestnut oak and pine forest-cover types. The medium site-quality 

class includes northern red oak and black locust forest-cover types. The high site-quality class includes 

hemlock, yellow poplar, and cove hardwoods forest-cover types. 

Information concerning forest defoliation by larva of the gypsy moth was obtained from digital 

maps of annual parkwide defoliation provided by SNP resource management personnel for the period 

of 1986-1993. The first documented defoliation occurred in the northern section of the park in 1986. 

Heavy defoliation had occurred throughout the park by 1993.  

 

Results  

Criteria for Sample Classification  

The results of the synoptic sampling surveys are presented with an emphasis on ANC and pH. 

ANC is a basic measure of acid-base status, reflecting the balance between strong-acid anions (sulfate, 
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nitrate, and chloride) and base cations (calcium, magnesium, sodium, and potassium) in solution and 

largely determining pH level. Surface-water acidification, defined as the loss of ANC (Turner et al., 

1990), occurs when concentrations of strong-acid anions increase relative to the concentrations of base 

cations. If ANC is sufficiently reduced, pH may be depressed to a range associated with adverse effects 

on aquatic life (Baker and Christensen, 1991).  

Both ANC and pH can serve as indicators of surface-water suitability for aquatic biota. Baker, 

et al. (1990) identified the pH range of 6.0-5.5 with loss of sensitive fish species (e.g., blacknose dace). 

Schindler (1988) identified surface waters with ANC values of less than  50 µeq L-1 as sensitive to 

effects of acidification. Adams et al. (1991) identified 10 µeq L-1 as the ANC value below which long-

term exposure will likely cause adverse biological effects. Although these pH and ANC values are 

approximate rather than exact thresholds, their utility for assessment purposes in SNP is supported by 

the FISH project findings. Criteria based on these values are applied here for examination of the 

synoptic survey data (Table 3-3). 

 

Total Variation in Synoptic Survey Sample Composition 

A generalized view of acid-base status in SNP stream waters can be obtained by examination 

of combined data for the multiple synoptic surveys. Figure 3-3 provides frequency distributions of 

measured ANC and pH for all synoptic survey samples collected during 1992-1994. Table 3-4 lists the 

range and interquartile distributions for the same data. 

A first observation, based on the pH and ANC criteria listed in Table 3-3, is that surface-

waters at many of the survey sites provide poor or marginal fish habitat. More than 50% of the samples 

have ANC values less than the intermediate fish-viability criterion. More than 25% of the samples have 

ANC values less than the low fish-viability criterion. However, it should be noted that the distributions in 

Figure 3-3 and Table 3-4 include components of both spatial and temporal variability. Any effort to 

regionalize the synoptic survey findings to streams waters throughout SNP must account for this 

variability. 

 

Spatial Variation in Synoptic Survey Sample Composition 
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A starting point for analysis of spatial variation in the synoptic  survey sample data is 

examination of ANC and pH values for the individual streams. Figures 3-4 through 3-6 provide maps of 

the three intensive-study streams (Paine Run, Staunton River, and Piney River) with fish-viability ratings 

indicated for each site based on the lowest ANC and pH values observed for all synoptic survey 

samples collected at each site. Table 3-5 summarizes the fish-viability ratings for all of the synoptic 

survey streams. 

Figures 3-4 through 3-6 and Table 3-5 illustrate the utility of the previously described 

geologically based stream classification scheme. Consistent with expectations, most of the sites in the 

designated low fish-viability classes are located on streams dominated by siliciclastic bedrock. Similarly, 

most of the sites in the designated intermediate and high fish-viability classes are located on streams 

dominated by granitic or basaltic bedrock. Note that White Oak Run and Jeremys Run are apparent 

exceptions to these observations. White Oak Run, a stream associated with siliciclastic bedrock, was 

only sampled during the warm season when stream-water ANC and pH values are commonly higher 

than in the cold season. Jeremys Run is a stream with areas of siliciclastic bedrock in a predominately 

basaltic watershed.  

Bedrock determination of spatial variation in the acid-base status of the surveyed stream waters 

is also revealed by examination of the analyses for individual sampling sites associated with single 

bedrock classes. Although the 13 study streams are each dominated by one of the three major bedrock 

classes, the watersheds associated with most of these 13 streams include a mix of bedrock classes (see 

Table 2 of Appendix I). However, a number of the smaller watersheds defined by the individual 

sampling sites include only a single bedrock class.  Figure 3-7 and Table 3-6 indicate the range and 

interquartile distributions of ANC, pH, the sum of strong-acid anions (SAA), and the sum of base 

cations (SBC) obtained for the single-bedrock sites sampled during the spring season of 1992, the 

single sampling season with the most extensive survey data set. Temporal variance was minimized by not 

including data from multiple sampling seasons in these distributions. 

ANC and pH again display a pronounced bedrock-related gradient. The lowest values are 

associated with siliciclastic rock, intermediate values are associated with granitic rock and the highest 

values are associated with basaltic rock. This gradient can be explained as a function of observed 

bedrock associations with SAA and SBC. As previously stated, ANC is determined by the relative 
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SAA and SBC concentrations in solution. Whereas both siliciclastic and basaltic bedrock are 

associated with relatively high SAA concentrations, siliciclastic bedrock is associated with much lower 

SBC concentrations. Lower stream-water ANC concentrations are thus associated with siliciclastic 

bedrock. Granitic bedrock, which is associated with both low SAA and low SBC concentrations, is 

associated with intermediate ANC concentrations. These differences in SAA and SBC indicate 

variation in the composition and exchange or retention properties of the different bedrock types and 

associated soils.  

The significance of the bedrock association with acid-base status   in the synoptic survey 

streams is further revealed by plotting pH with ANC for the single-bedrock sites sampled in the Spring 

1992 surveys (Figure 3-8). This plot serves to highlight the twofold significance of this association. In 

addition to the bedrock-related gradient in ANC and pH, there is also a bedrock-related gradient in 

stream-water sensitivity to change in pH. Due to the nonlinear relationship between ANC and pH, a 

given ANC loss in streams associated with siliciclastic and granitic rock results in a larger depression in 

pH than occurs given the same ANC loss in streams associated with basaltic rock.  

 

Temporal Variation in Synoptic Survey Sample Composition 

Although the FISH project was initiated in response to observation of chronic, or long-term, 

change in the acid-base status of SNP streams, the collection and interpretation of hydrochemical data 

has focused on the short-term variation that determines the specific conditions and extremes to which 

aquatic biota are exposed. The synoptic survey data provide an opportunity to examine the intra-annual 

variation in acid-base status that is related to season and general hydrologic condition. Note that another 

component of short-term variation is examined in Chapter 4, which examines episodic acidification 

associated with stormflow conditions. 

Based on previous findings for streams in SNP (Lynch and Dise, 1985) and other upland areas 

(Baker et al., 1990), it was expected that ANC and pH values would conform to a similar seasonal 

pattern, with higher values occurring in the warm season and lower values occurring in the cold season. 

Figures 3-9 through 3-15 provide seasonally differentiated cumulative-frequency distributions of ANC 

and pH for separate synoptic surveys conducted on the seven primary study streams with multiple 

synoptic surveys. Tables 3-7 and 3-8 list the ranges and interquartile distributions of ANC and pH for 
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surveys on all eight of the primary study streams. As expected, cold season ANC values are generally 

lower than warm season values. For a number of the study streams, however, warm season pH values 

were lower than, or similar to, cold season pH values.  

It was also expected, based on previous studies of episodic acidification (e.g., Wigenton, et al., 

1990), that the lowest within-season values of both ANC and pH would occur during high-flow 

conditions. The data needed to examine conformance with this expectation are available for four of the 

primary study streams. Figures 3-16 through 3-19 indicate ranges and interquartile distributions of ANC 

and pH in relation to flow percentiles for seasonally differentiated surveys of these streams. ANC again 

follows the expected pattern; the lowest values for all four streams are associated with both high flows 

and cold season surveys. However, the pattern for pH is again inconsistent with expectations. For two 

of the streams, North Fork of Dry Run and Staunton River, the lowest values are associated with low 

flows and warm season surveys. 

Possible causes for the unexpected temporal variation in stream-water pH values include both 

carbonic and organic acid effects, either of which may result in a lower pH value for a given ANC 

(Kaufmann et al., 1988; Munson and Gherini, 1991). Elevated concentrations of these weak acids may 

tend to be associated with low-flow, warm-season conditions. In the warm season, carbonic acidity 

increases in the soil due to higher rates of microbial and root respiration. Organic acidity may similarly 

increase in soils in the warm season due to accelerated organic matter decomposition. Given reduced 

transport and dilution under low-flow conditions, concentrations of these soil products should increase 

in both soil and associated stream waters.  

 

Development of a Predictive Model 

The regression models described in this section were calculated by application of the SPSS 4.0 

statistical software package (Norusis, 1990). Equality of variance and normality assumptions for 

residuals were checked by plotting residuals with predicted values and by generation of normal 

probability plots. The plotted confidence intervals for predicted values were determined as described by 

Lapin (1983). 

Regression analysis provides a means to develop models that explain or predict stream-water 

composition as function of diverse landscape characteristics in individual watersheds. The first such 
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models for SNP were developed by Lynch and Dise (1985). Their models were based on volume-

weighted mean concentrations for 47 of the larger streams in the park. Samples were collected in six 

separate surveys conducted at different times of the year over the 1982-1983 period. The data 

obtained through the FISH synoptic surveys provides an opportunity to evaluate the current applicability 

of models based on the 1982-1983 data and to calibrate new models based on more-recent data. 

The models reported by Lynch and Dise (1985) included regressions based on the distribution 

of bedrock formations and models that included other landscape variables in addition to bedrock. For 

prediction of ANC, the r2 (coefficient of determination) value for the bedrock-only model was 0.95. 

Given that inclusion of other variables (elevation and east-west exposure) provided only a small 

improvement in explanatory power (r2  =  0.96), the present evaluation of model applicability will be 

limited to the bedrock-only model.  

Table 3-9 lists regression model equations for ANC and pH based on the 1982-1983 survey 

data. Note that the model for ANC is based on a log transformation of the data, a step that was taken 

to control unequal variance of the residuals. Also, although Lynch and Dise (1985) provided models for 

ANC and a number of other stream-water constituents, they did not provide a model for pH. However, 

the listed model for pH is based on the flow-weighted pH values for the 1982-1983 data set. The 

methods for calibrating this model are consistent with methods reported by Lynch and Dise (1985). 

Figure 3-20 compares measured ANC and pH values for samples collected in the 1992-1994 

FISH synoptic surveys (cold season only) with values predicted using the regression models based on 

the 1982-1983 data. Cold season survey data were used for this comparison because the regressions 

were based on volume-weighted mean concentrations which tend to be dominated by higher cold-

season flows. The models tend to over-predict both ANC and pH, with a large proportion of the 

observed values plotting outside of the confidence intervals for predicted values. This bias may be due 

to the changes in acid-base conditions that have occurred over time (see Ryan et al., 1989; Webb et al., 

1995).  It may also be associated with the difference in watershed size represented by the two data 

sets; the median watershed area for the 1982-1983 surveys was about twice that of the 1992-1994 

surveys. It may also reflect the use of volume-weighted means rather than seasonal survey data for 

model calibration. Development of new regression models based on the FISH synoptic surveys should 

avoid bias associated with any of these factors. 
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Table 3-10 lists new regression model equations for stream-water ANC and pH based on the 

FISH synoptic survey data. Two model versions are provided for both cold and warm seasons. For 

each model, a calibration data set was selected by randomly splitting the total number of cases for the 

cold or warm-season surveys. The unselected data were reserved for model validation.  

Figures 3-21 and 3-22 compare the measured ANC and pH values for the FISH synoptic 

surveys with values predicted using the warm and cold-season regression models listed in Table 3-10. 

Results for both the calibration and validation data sets are plotted. In contrast with the results plotted in 

Figure 3-20 for regressions based on the 1982-1983 data, there is no evidence of prediction bias. 

Consistent with the Lynch and Dise (1985) analysis, explanatory variables for the new bedrock-

only models include four of the five major bedrock formations. The influence of the fifth bedrock 

formation (Catoctin) is effectively incorporated in the intercept term. Additional variables tested for 

possible inclusion in the new all-variables models include the three forest-quality classes, watershed 

area, sample-site elevation, stream order, and both annual and cumulative watershed defoliation by the 

gypsy moth. Of these additional variables, only percent high-quality forest and watershed area were 

significant at p < 0.01. The r2 values for the new models are lower than the values obtained for 

regression models based on the 1982-1983 data. This is not surprising given that the effect of temporal 

variation in the 1982-1983 data set was minimized by the use of volume-weighted means. Note that the 

r2 value for the new warm-season pH model is especially low by comparison with the other models. 

This reflects the previously described temporal variability in warm-season pH values.  

Consistent with results obtained with the 1982-1983 data, bedrock distribution provides most 

of the explanatory power in the new models; inclusion of the additional watershed variables increases 

the percentage of variance explained by only about 2% in each case. Table 3-11 lists the ANC and pH 

values predicted by the bedrock-only models for stream-waters associated with single bedrock 

formations. The predicted ANC and pH values for stream waters associated with the different bedrock 

formations generally decrease in the following order: 

Catoctin > Old Rag > Pedlar > Hampton > Antietam 

This gradient is consistent with the previously described differences between the generalized 

siliciclastic, granitic, and basaltic bedrock classes (see Figure 3-7 and Table 3-6). It deviates only 

slightly from the gradient indicated by the regression models based on the 1982-1983 data; for those 
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models the ANC and pH indicated for the Pedlar Formation was higher than for the Old Rag 

Formation. However, the indicated differences between the Pedlar and Old Rag Formations are not 

large in either case.  

Both of the additional variables included in the all-variables models were positively correlated 

with ANC and pH. The observation of higher ANC and pH in the larger watersheds supports the 

suggestion that the bias associated with application of the 1982-1983 survey regressions (Figure 3-20) 

may be due to differences in watershed area. This apparent watershed effect may result because stream 

waters draining larger watersheds have generally had more contact with surficial materials, including 

alluvial deposits. The positive correlation between ANC and pH and percent high-quality forest is 

consistent with the observation that vegetative cover is indicative of the underlying surficial material. The 

explanatory power of this map unit suggests that the distribution of geologic materials is not entirely 

captured by bedrock maps. For example, bedrock maps do not reflect downslope movement and 

hydrologic transport of soil and rock fragments. None-the-less, although both watershed area and forest 

distribution do account for some of the variation in the acid-base status of SNP streams, the information 

provided is minor by comparison with the explanatory power of bedrock distribution.  

 

Discussion 

In addition to provision of  water-quality information required during the course of the FISH 

project, the synoptic survey component has provided a capability to relate the biological findings of the 

project to SNP as a whole. The calibration of regression models based on the survey data has provided 

the necessary tools for predicting the acid-base status (ANC and pH) of unsampled streams on a useful 

within-watershed scale. Several model-related issues, however, warrant further consideration. These 

include the biological significance of predicted values, potential model improvements, evaluation of 

model representativeness, and model durability in the context of chronic change. 

First is the question of biological significance. With respect to the status of fish populations, the 

real utility of the models depends on the accurate prediction of  biologically relevant stream-water 

composition. The fish-viability criteria listed in Table 3-3 provide a basis for evaluating this capability. 

Figures 3-23 and 3-24 compare the actual distributions of measured ANC and pH with fish-viability 

class predictions based on the bedrock-only models. These plots suggest that the models do a good job 
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of discriminating between the low and high fish-viability classes, with mixed results indicated for 

predictions in the intermediate class. Notably, the median measured ANC for cold-season samples 

predicted in the intermediate range is higher than the criterion value for the range. However, the median 

measured values indicated for all the other distributions do occur in the predicted ranges, although there 

are varying degrees of overlap. Based on these observations, it may be appropriate to revise or rename 

the fish-viability classes. High, uncertain, and low fish-viability designations would more accurately 

reflect the biological significance of the predictions. 

Potential improvement in the predictive performance of the models requires improved 

understanding of factors associated with variation in stream-water composition. The previous 

examination of spatial and temporal variation in this chapter suggests that most of the remaining 

uncertainty is associated with temporal variation. In particular, the models do not account for differences 

in flow conditions and other causes of within-season variation. Temporal patterns associated with gypsy 

moth defoliation are another factor that is both not well understood and not included in the models. 

Understanding  these components of temporal variation will require consideration of information 

representing a range of temporal scales. Whereas the synoptic survey data were collected on a seasonal 

basis, further model development will require incorporation of  additional understanding gained by 

analysis of data collected on weekly and stormflow frequencies.  

Another issue that should receive consideration is the question of model representativeness. 

Concern might be raised that because the synoptic survey data were obtained for only 13 selected 

watersheds, no information has been provided about other areas in SNP. This concern should be 

allayed by the large body of information supporting the applicability of a geology-based model of 

stream-water composition in SNP. A strong and consistent correlation between bedrock and stream-

water composition in SNP has been described by a number of previous studies, including Hendrey et al. 

(1980), Lynch and Dise (1985), Webb (1988), and Webb et al. (1989).  It is correct, however, that 

absolute verification of model applicability to SNP as a whole has not been provided. Further 

verification cannot be provided without additional sampling outside of the surveyed watersheds.  

Finally, there is the question of model durability. Chronic change in SNP stream waters has 

been attributed to both atmospheric deposition (Ryan et al., 1989) and to forest defoliation by the gypsy 

moth (Webb et al., 1995). To the extent that stream-water composition in SNP changes overtime, 
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model calibrations based on the 1992-1994 survey data will no longer be applicable. In this context of 

change, close attention to monitoring data and periodic validation of predictive models is necessary. 
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Table 3-1 -  Schedule of FISH Synoptic Stream-Sampling Surveys  
 
  1992 1993 1994 

  COLD 
SEASON 

WARM 
SEASON 

COLD 
SEASON 

WARM 
SEASON 

COLD 
SEASON 

WARM 
SEASON 

Siliciclastic Bedrock 

Paine Run INT 
030892 072992 

101892 
032793 

 

082293 040994 100694 

Meadow Run EXT 031292 072392 031993 082893  110294 

Twomile Run EXT 031292 072692 040193 081993   

White Oak Run EXT      110294 

 
 
Granitic Bedrock 

Brokenback Run EXT 031192 071892 031693 080593  101094 

Hazel River  032192      

NF of Dry Run EXT  070692  082693 042394 103194 

Staunton River INT 
031592 080492 

101092 
031893 082693 021994 100594 

 
 
Basaltic Bedrock 

Jeremys Run  032092      

NF Thornton River  031692      

Piney River INT 031792 080692 040993 082493 041694 102894 

Rose River  031492      

White Oak Canyon  031992 071592     

NOTE:  INT = intensive-study stream;  EXT = extensive-study stream 
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Table 3-2 -  Stream Discharge Asssociated with Synoptic Stream-Sampling 
Surveys Conducted in 1992-1994 

 
 

STREAM DATE mm day -1 FLOW%  
    

Paine Run 10/18/92 0.56 62 
Paine Run 03/27/93 5.26 97 
Paine Run 08/22/93 0.05 4 
Paine Run 04/09/94 1.44 77 
Paine Run 10/06/94 0.11 15 
    
White Oak Run 11/02/94 0.08 34 
    
NF of Dry Run 07/06/92 0.56 23 
NF of Dry Run 08/26/93 0.24 12 
NF of Dry Run 04/23/94 2.78 78 
NF of Dry Run 10/31/94 1.04 41 
    
Staunton River 10/10/92 1.69 61 
Staunton River 03/18/93 3.54 84 
Staunton River 08/26/93 0.33 6 
Staunton River 02/19/94 3.28 81 
Staunton River 10/05/94 0.73 20 
    
Piney River 04/09/93 2.78 75 
Piney River 08/24/93 0.07 2 
Piney River 04/16/94 6.26 94 
Piney River 10/28/94 0.59 31 
 
NOTES:   Data are for surveys with gauging systems in place at time of survey. 

Gauges are located at lower-most survey site on each stream. 
FLOW % = percentage of days in the record for which discharge is exceeded by the 
discharge measured on the day of the survey. 
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Table 3-3 -  Fish-Viability Criteria for ANC and pH of Synoptic-Survey Samples 
 
 Viability Rating for Fish 

 
Low Intermediate High 

    

ANC  (µeq L-1) < 10 < 50 > 50 

pH < 5.5 < 6.0 > 6.0 

 
 
 
 
 
 
 
 
 
Table 3-4 -  Range and Interquartile Distributions of ANC and pH For All FISH 

Synoptic Survey Samples Collected During 1992-1994     (N = 807) 
 
 MINIMUM 25% MEDIAN 75% MAXIMUM 

      

ANC  (µeq L-1) -18.1 4.4 41.9 92.0 361.7 

pH 4.8 5.6 6.3 6.8 7.4 
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Table 3-5 -  Summary of Fish-Viability Ratings for Synoptic Survey Sampling Sites 
 
  

N LOW INT HIGH 
Siliciclastic Bedrock 

Paine Run 35 100% 0% 0% 

Meadow Run 18 100% 0% 0% 

Twomile Run 13 100% 0% 0% 

White Oak Run 10 0% 80% 20% 

 
 
Granitic Bedrock 

Brokenback Run 11 0% 64% 36% 

Hazel River 

 

25 0% 12% 88% 

NF of Dry Run 10 0% 100% 0% 

Staunton River 18 0% 61% 39% 

 
 
Basaltic Bedrock 

Jeremys Run 30 3% 27% 70% 

NF Thornton River 23 0% 0% 100% 

Piney River 19 0% 26% 74% 

Rose River 18 0% 6% 94% 

White Oak Canyon 18 0% 0% 100% 
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NOTES:  Ratings are based on fish-viability criteria listed in Table 3-3;  ratings for individual sites are 
determined by the lowest ANC and  pH values observed for all synoptic survey samples collected at 
the site;  N = total number of sites on each study stream. 
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Table 3-6 -  Range and Distribution of Stream-Water Concentrations Associated With Major SNP 
Bedrock Classes:  Spring 1992 Synoptic Surveys 

 
 
 N MINIMUM 25% MEDIAN 75% MAXIMUM 

       
ANC  (µeq L-1) 

Siliciclastic   62  -18.1  -1.0  1.2  3.7  12.8  

Granitic         46  22.0  47.2  58.7  67.0  130.4  

Basaltic         14  33.7  97.0  142.9  179.0  226.7  

       

pH 

Siliciclastic   62  4.8  5.4  5.6  5.7  6.0  

Granitic         46  6.0  6.7  6.8  6.8  7.1  

Basaltic         14  6.6  6.9  7.1  7.2  7.3  

       

Sum of Strong-Acid Anions  (µeq L-1) 

Siliciclastic   62  103.1 134.6 164.0 186.2 269.7 

Granitic         46  37.4 68.3 76.5 85.4 147.6 

Basaltic         14  65.3 140.8 186.1 205.9 259.7 

       

Sum of Base Cations  (µeq L-1) 

Siliciclastic   62  92.1 138.1 168.2 190.4 272.1 

Granitic         46  89.5 136.7 147.7 161.3 243.5 

Basaltic         14  138.0 232.0 369.5 381.1 450.9 
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Table 3-7 -  Ranges and Interquartile Distributions of Measured  ANC (µeq L-1)  for Synoptic 
Stream-Sampling Surveys Conducted in 1992-1994 
 

STREAM DATE N MINIMUM 25% MEDIAN 75% MAXIMUM 
        
Paine Run 03/08/92 35 -6.3 0.3 1.6 2.8 10.3 
Paine Run 07/29/92 19 -9.7 -1.0 3.3 9.1 20.3 
Paine Run 10/18/92 35 -2.2 1.9 3.7 6.2 20.3 
Paine Run 03/27/93 35 -7.2 -1.8 0.3 1.9 5.3 
Paine Run 08/22/93 28 -5.6 5.3 7.8 12.8 27.8 
Paine Run 04/09/94 35 -5.6 1.2 2.8 4.4 10.3 
Paine Run 10/06/94 25 -3.8 8.3 9.4 12.8 30.3 
        
Meadow Run 03/12/92 18 -18.1 -3.1 -0.6 2.4 7.8 
Meadow Run 07/23/92 17 -16.3 -4.3 -1.0 14.5 29.4 
Meadow Run 03/19/93 18 -15.6 -5.6 -3.8 1.1 6.2 
Meadow Run 08/28/93 18 -6.3 -3.8 -0.5 5.3 41.9 
Meadow Run 11/01/94 16 -9.7 3.7 7.8 15.3 17.8 
        
Twomile Run 03/13/92 12 -6.8 -0.6 3.7 5.8 8.7 
Twomile Run 07/26/92 10 -16.4 0.7 11.9 16.6 17.8 
Twomile Run 04/01/93 13 -4.7 -0.5 3.1 4.5 10.3 
Twomile Run 08/19/93 6 7.8 10.3 16.2 22.0 23.7 
        
White Oak Run 11/02/94 10 24.4 32.8 46.8 49.3 52.8 
        
Brokenback Run 03/18/92 11 44.4 52.7 54.4 57.3 71.9 
Brokenback Run 07/18/92 11 79.4 86.6 96.1 110.1 137.2 
Brokenback Run 03/16/93 11 36.2 47.8 49.2 52.8 75.3 
Brokenback Run 08/05/93 11 66.9 105.0 107.7 110.8 141.9 
Brokenback Run 10/10/94 11 78.7 95.3 99.0 112.8 131.2 
        
NF of Dry Run 07/06/92 10 31.2 37.0 55.3 60.3 77.0 
NF of Dry Run 08/26/93 8 26.9 51.2 67.8 78.7 98.7 
NF of Dry Run 04/23/94 9 16.9 24.9 27.5 31.6 40.4 
NF of Dry Run 10/31/94 8 20.3 20.3 32.8 50.3 82.8 
        
Staunton River 03/15/92 18 27.9 45.8 52.0 60.0 78.7 
Staunton River 08/04/92 15 60.0 82.3 89.5 97.9 106.2 
Staunton River 10/10/92 16 51.1 59.4 67.8 73.7 89.4 
Staunton River 03/18/93 17 36.9 42.0 45.8 51.8 63.3 
Staunton River 08/26/93 14 81.1 95.0 101.1 108.1 113.1 
Staunton River 02/19/94 16 36.2 47.8 51.9 56.2 86.2 
Staunton River 10/05/94 16 61.2 78.7 86.2 93.7 98.7 
        
Piney River 03/17/92 19 22.0 44.5 87.5 128.1 134.4 
Piney River 08/06/92 17 46.2 106.2 185.6 263.7 318.6 
Piney River 04/09/93 19 29.4 46.8 102.4 145.3 166.9 
Piney River 08/24/93 13 49.4 111.0 198.1 335.1 361.7 
Piney River 04/16/94 19 31.9 46.2 103.7 159.0 181.9 
Piney River 10/28/94 18 45.0 87.3 164.2 227.7 262.8 
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Table 3-8 -  Ranges and Interquartile Distributions of Measured  pH Values for Synoptic 
Stream-Sampling Surveys Conducted in 1992-1994 

 
STREAM DATE N MINIMUM 25% MEDIAN 75% MAXIMUM 
        
Paine Run 03/08/92 35 5.2 5.5 5.6 5.7 5.9 
Paine Run 07/29/92 19 5.3 5.4 5.6 5.8 6.2 
Paine Run 10/18/92 35 5.2 5.5 5.7 5.8 6.1 
Paine Run 03/27/93 35 5.1 5.5 5.5 5.6 5.8 
Paine Run 08/22/93 28 5.0 5.4 5.7 5.9 6.1 
Paine Run 04/09/94 35 5.1 5.4 5.5 5.6 5.9 
Paine Run 10/06/94 25 5.3 5.4 5.6 5.9 6.1 
        
Meadow Run 03/12/92 18 4.8 5.4 5.5 5.6 5.9 
Meadow Run 07/23/92 17 4.8 5.1 5.2 5.4 5.8 
Meadow Run 03/19/93 18 4.8 5.1 5.3 5.5 5.7 
Meadow Run 08/28/93 18 5.1 5.4 5.5 5.7 5.9 
Meadow Run 11/01/94 16 5.0 5.5 5.6 5.7 5.9 
        
Twomile Run 03/13/92 12 5.2 5.4 5.8 5.8 6.0 
Twomile Run 07/26/92 10 5.3 5.3 5.6 5.9 6.0 
Twomile Run 04/01/93 13 5.1 5.5 5.6 5.7 6.0 
Twomile Run 08/19/93 6 5.2 5.4 5.7 5.8 6.0 
        
White Oak Run 11/02/94 10 5.6 6.0 6.1 6.4 6.5 
        
Brokenback Run 03/18/92 11 6.6 6.7 6.8 6.8 6.8 
Brokenback Run 07/18/92 11 6.3 6.4 6.5 6.7 6.8 
Brokenback Run 03/16/93 11 6.6 6.6 6.7 6.7 6.7 
Brokenback Run 08/05/93 11 6.3 6.3 6.3 6.4 6.4 
Brokenback Run 10/10/94 11 6.4 6.8 6.9 6.9 7.0 
        
NF of Dry Run 07/06/92 10 6.3 6.5 6.5 6.6 6.7 
NF of Dry Run 08/26/93 8 6.0 6.1 6.2 6.4 6.5 
NF of Dry Run 04/23/94 9 6.1 6.4 6.4 6.5 6.5 
NF of Dry Run 10/31/94 8 6.2 6.2 6.3 6.5 6.6 
        
Staunton River 03/15/92 18 6.2 6.7 6.8 6.8 6.9 
Staunton River 08/04/92 15 6.8 6.8 6.9 6.9 6.9 
Staunton River 10/10/92 16 6.6 6.8 6.8 6.8 6.9 
Staunton River 03/18/93 17 6.5 6.6 6.7 6.7 6.8 
Staunton River 08/26/93 14 6.1 6.3 6.3 6.3 6.4 
Staunton River 02/19/94 16 6.0 6.3 6.6 6.7 6.7 
Staunton River 10/05/94 16 6.1 6.7 6.8 6.9 6.9 
        
Piney River 03/17/92 19 6.0 6.4 7.0 7.1 7.1 
Piney River 08/06/92 17 6.1 6.5 6.7 6.8 7.0 
Piney River 04/09/93 19 6.1 6.4 6.9 6.9 7.0 
Piney River 08/24/93 13 6.0 6.8 7.1 7.2 7.3 
Piney River 04/16/94 19 6.0 6.3 6.8 7.0 7.1 
Piney River 10/28/94 18 6.2 6.6 6.8 6.9 7.2 
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Table 3-9 -  Regression Models for Prediction of ANC and pH Based  on 1982-1983 
Synoptic Surveys (N = 47) 

 

1.  Loge  (ANC+25)  

5.3000 - 0.02400 (% Antietam) - 0.01609(% Hampton) - 0.00603(% Pedlar) - 0.00656(% Old Rag) 

r2 = 0.95;  standard error = 0.17607 

2.  pH  

7.0841 - 0.02032(% Antietam) - 0.01171(% Hampton) - 0.00369(% Pedlar) -  0.00403(% Old Rag) 

r2 = 0.95;  standard error = 0.13701 

Notes:  ANC = µeq L-1;  variables indicated as percentages equal percent of catchment area.  
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Table 3-10 -  Regression models for prediction of ANC (µeq L-1) and pH of SNP stream waters.  
 
  

Dependent 
Variables 

 
Intercept 

% 
Antietam 
Formation 

% 
Hampton 
Formation 

% 
Pedlar 

Formation 

% 
Old Rag 

Formation 

% High 
Quality 
Forest 

Watershed 
Area  (km2) r2 

Standard 
Error  

COLD SEASON MODELS   (N for calibration = 199) 

Loge  [ANC + 25] 

Bedrock only 5.09311 -0.02046 -0.01818 -0.00795 -0.00788 ---- ---- 0.91 0.24040 

All Variables 4.72901 -0.01819 -0.01530 -0.00721 -0.00847 0.00804 0.01647 0.93 0.20974 

pH 

Bedrock only 7.13752 -0.01786 -0.01601 -0.00578 -0.00422 ---- ---- 0.92 0.20168 

All Variables 6.85093 -0.01627 -0.01385 -0.00502 -0.00451 0.05383 0.01697 0.94 0.17425 

WARM SEASON MODELS   (N for calibration = 181) 

Loge  [ANC + 25] 

Bedrock only 5.63647 -0.02338 -0.02129 -0.01066 -0.00885 ---- ---- 0.90 0.26405 

All Variables 5.14058 -0.02008 -0.01735 -0.00972 -0.00971 0.01185 0.01769 0.92 0.23519 

pH 

Bedrock only 7.13750 -0.01671 -0.01506 -0.00566 -0.00634 ---- ---- 0.84 0.25646 

All Variables 6.97119 -0.01662 -0.01425 -0.00473 -0.00608 ns 0.02554 0.86 0.23942 

NOTES: Variables indicated as percentages represent percent of watershed area;   ns = nonsignificant at p < 0.01 
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Table 3-11 - Predicted ANC and pH Values for Stream Waters Associated With Single Bedrock 

Formations 
 
 
 Catoctin Old Rag Pedlar Hampton Antietam 

COLD SEASON  

ANC (µeq L-

1) 

137 
(85 - 217) 

49 
(25 - 85) 

49 
(25 - 84) 

2 
(-7 - 14) 

-4 
(-11 - -6) 

pH 
7.1 

(6.8 - 7.5) 
6.7 

(6.4 - 7.0) 
6.6 

(6.2 - 6.9) 
5.5 

(5.2 - 5.9) 
5.4 

(5.0 - 5.7) 

WARM SEASON  

ANC (µeq L-

1) 

256 
(157 - 407) 

91 
(50 - 153) 

72 
(38 - 124) 

8 
(-3 - 26) 

2 
(-7 - 17) 

pH 
7.1 

(6.7 - 7.6) 
6.5 

(6.2 - 7.0) 
6.6 

(6.2 - 7.0) 
5.6 

(5.2 - 6.1) 
5.5 

(5.0 - 5.9) 
 
Note:  the 95% confidence intervals for the predicted values are indicated in parentheses 
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Figure 3-1:  Location map for synoptic survey streams in Shenandoah National Park. 
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Figure 3-2:  Synoptic survey watersheds in relation to distribution of major bedrock 
classes in Shenandoah National Park.  
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Figure 3-3:  Distributions of measured ANC and pH for all FISH synoptic survey 
samples collected during 1992-1994. N = 802.  
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Figure 3-4:  Synoptic survey sites in the Paine Run watershed. Fish viability ratings are 
based on the lowest ANC and pH values observed for synoptic surveys conducted in the 
period of 1992-1994. (Note: bedrock mapping does not extend to areas outside of the 
SNP boundary.) 
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Figure 3-5:  Synoptic survey sites in the Staunton River watershed. Fish viability ratings 
are based on the lowest ANC and pH values observed for synoptic surveys conducted in 
the period of 1992-1994. (Note: bedrock mapping does not extend to areas outside of the 
SNP boundary.)  
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Figure 3-6:  Synoptic survey sites in the Piney River watershed. Fish viability ratings are 
based on the lowest ANC and pH values observed for synoptic surveys conducted in the 
period of 1992-1994. (Note: bedrock mapping does not extend to areas outside of the 
SNP boundary.) 
 

!

!

!

!

!

!
!

!

!
!!

!!
!

)

)

)

)

)

Km

.8.40

Park Boundary

C
at

ch
m

en
t B

ou
nd

ar
y

Piney River

Major Bedrock Classes

Granitic

Fish Viability Rating

) Intermediate

Basaltic

! High

!

!

!

!

!

!
!

!

!
!!

!!
!

)

)

)

)

)

Km

.8.40

Park Boundary

C
at

ch
m

en
t B

ou
nd

ar
y

Piney River

Major Bedrock Classes

Granitic

Fish Viability Rating

) Intermediate

Basaltic

! High



SNP:FISH  Volume II  Page   - 33 - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-7:  Range and interquartile distributions of ANC, pH, sum of strong-acid anions (SAA), and sum of base cations (SBC) for 
Spring 1992 synoptic surveys. All = all samples. Silicic, Granitic, and Basaltic = samples associated with a single bedrock class. 
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Figure 3-8:  Relationship between pH and ANC in subset of Spring 1992 synoptic survey 
samples associated with single bedrock classes. The line represents the theoretical pH-
ANC curve for the mean Pco2  (10-3.2) calculated for the Spring 1992 samples. Note that 
the pH change for a given ANC change varies for stream waters associated with different 
bedrock. 
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Figure 3-9:  Distribution of measured pH and ANC values for synoptic stream-sampling 
surveys conducted in 1992-94. Solid lines indicate Winter and Spring surveys. Broken 
lines indicate Summer and Fall surveys. 
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Figure 3-10:  Distribution of measured pH and ANC values for synoptic stream-sampling 
surveys conducted in 1992-94. Solid lines indicate Winter and Spring surveys. Broken 
lines indicate Summer and Fall surveys. 
 



SNP:FISH  Volume II  Page  - 37 - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-11:  Distribution of measured pH and ANC values for synoptic stream-sampling 
surveys conducted in 1992-94. Solid lines indicate Winter and Spring surveys. Broken 
lines indicate Summer and Fall surveys. 
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Figure 3-12:  Distribution of measured pH and ANC values for synoptic stream-sampling 
surveys conducted in 1992-94. Solid lines indicate Winter and Spring surveys. Broken 
lines indicate Summer and Fall surveys. 
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Figure 3-13:  Distribution of measured pH and ANC values for synoptic stream-sampling 
surveys conducted in 1992-94. Solid lines indicate Winter and Spring surveys. Broken 
lines indicate Summer and Fall surveys. 
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Figure 3-14:  Distribution of measured pH and ANC values for synoptic stream-sampling 
surveys conducted in 1992-94. Solid lines indicate Winter and Spring surveys. Broken 
lines indicate Summer and Fall surveys. 
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Figure 3-15:  Distribution of measured pH and ANC values for synoptic stream-sampling 
surveys conducted in 1992-94. Solid lines indicate Winter and Spring surveys. Broken 
lines indicate Summer and Fall surveys. 
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Figure 3-16:  Ranges and interquartile distributions of ANC and pH for synoptic stream 
sampling surveys conducted in 1992-1994. X axis = flow percentiles (see Table 2). 
Shaded boxes = cold season surveys. Open boxes = warm season surveys.  
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Figure 3-17:  Ranges and interquartile distributions of ANC and pH for synoptic stream 
sampling surveys conducted in 1992-1994. X axis = flow percentiles (see Table 2). 
Shaded boxes = cold season surveys. Open boxes = warm season surveys.  
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Figure 3-18:  Ranges and interquartile distributions of ANC and pH for synoptic stream 
sampling surveys conducted in 1992-1994. X axis = flow percentiles (see Table 2). 
Shaded boxes = cold season surveys. Open boxes = warm season surveys.  
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Figure 3-19:  Ranges and interquartile distributions of ANC and pH for synoptic stream 
sampling surveys conducted in 1992-1994. X axis = flow percentiles (see Table 2). 
Shaded boxes = cold season surveys. Open boxes = warm season surveys.  
 
 
 
 



SNP:FISH  Volume II  Page  - 46 - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-20:  Application of regression models based on 1982-83 synoptic surveys to 
predict the composition of stream waters sampled in FISH synoptic surveys, 1992-1994 
(cold season). 
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Figure 3-21:  Comparison of measured composition of cold-season stream survey 
samples with values predicted by regression models based on watershed bedrock (Table 
10). Closed points = calibration data. Open points = validation data. Compare with Figure 
20. 
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Figure 3-22:  Comparison of measured composition of warm-season stream survey 
samples with values predicted by regression models based on watershed bedrock (Table 
10). Closed points = calibration data. Open points = validation data. Compare with Figure 
20. 
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Figure 3-23:  Distributions of measured ANC values for predicted low, intermediate, and high fish-viability classes (see Table 3).  
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Dashed lines correspond to designated fish viability criteria. Predictions are based on bedrock-only regressions. Plotted distributions 
represent validation data set. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-24:  Distributions of measured pH values for predicted low, intermediate, and high fish-viability classes (see Table 3). 
Dashed lines correspond to designated fish viability criteria. Predictions are based on bedrock-only regressions. Plotted distributions 
represent validation data set. 


